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INTRODDCTION 
The eye is sensitive only to visible light, a very small 
portion of the electromagnetic spectrum. Thus, Remote sensing 
is the gathering and recording of informations about terrain 
and ocean surfaces without actual contact with the object or 
area being investigated. 
For the gathering invisible data, instriiroents operating 
in the other regions of the spectrum are employed <Fig.No.2). 
Remote sensors include devices that are sensitive to force 
fields, such as gravity gradient system, and devices such as 
antennas that record the reflecti,on or emission of 
electromagnetic energy. Doth passive electromagnetic sensors 
( those that rely on natural illumination, such as the Sun ) 
and active ones (those that utilize an artificial source of 
illmination such as radar ) are consider to be remote 
sensors. 
Because remote sensing is a composite term which 
includes many types of sensing, its meaning can be best 
understood by describing several of types as shown in table 
( No.l ), with its related application. 
Remote sensing is a diverse field, in both its 
technology and applications. Therefore, remote sensing has 
become an important and effective tool in geological studies. 
It permits the evaluation of regional geological structures, 
their trends and a possibility of restudying the area in 
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FIG. 2: The Electromagnetic rad ia t ion and 
Atomospheric Windows with t h e i r 
Sensing systems. (After Lil lesand and 
ke i fe r , 1987). 
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laboratory, as and when needed. Planning for traverses in 
inaccessible terrain is an additional advantage which reduces 
the field work considerably. Remote sensing methods permit 
natural resource surveys to be carried out with better 
results and more economically than with conevtional methods. 
Thus, remote sensing data have proven the~ir importance 
as an additional tool in groundwater prospecting by outlining 
geology, structure, landform features, surface anomalies, 
drainage and georoorphic indicators for location of recharge 
and discharge area, moreover, for a variety of application 
ranginig from oil and mineral exploration to environmental 
monitoring. Therefore, remote sensing applications in the 
landforms system analysis has come up in a big way in the 
current decade. 
In the present case, with the help of remotely sensed 
data an attempts has been made to decipher various landforms 
systems and finally to evolve various hydrogeomorphic zones, 
and their groundwater potential. 
PURPOSE AND SCOPE :-
The studies were carried out with the following 
objectives ; 
1) To decipher subsurface geology and aquifer geometry and 
aquifer parameters. 
2) To study the movement of groundwater and long term 
behaviour of water level in time and space. 
3) To study the hydrochemistry of groundwater of shallow and 
deep aquifers. 
4) To evaluate groundwater resources and to demarcate areas 
for further groundwater development. 
LOCATION EXTEND AND COMHONICATION :-
The area forms the eastern part of district Dulandshahr 
covering most of Anupshahr Tahsil and the area around it. 
Physiographicaly it is located between latitude 28°5' to 28° 
28' N and longitude 78° 4' to 78° 29* E, covering an area of 
about 1631 sg. Km., and falls in the survey of India 
toposheet No. 53 L/3,4,7,8. 
The area is well connected with roads and railways. 
CLIMATE AND RAINFALL :-
The climate of the area is characterized by a cold 
winter and hot summer and general dryness except during 
southwest monsoon when humidity is high. 
The monsoons breaks in the second weak of June and ends 
in September, with scanty winter raining. July and August 
being peak monsoon months which receives abouts 60 % of the 
rainfall. The average annual rainfall is about 688.3 mm. 
LANDDSE PATTERN :-
Statistics regarding the landuse pattern in the area is 
given in the table No.2. Out of the total area 1631 sq. Km. 
77.8 % is under cultivation of which 80.4 % is sown more than 
once. The total irrigated area is 753.18 Km. out of 
which 72.6 % is irrigated by groundwater and 27.4 % is 
irrigated by surface water sources. An area of 13.50 Km. is 
covered by forest and 31.96 Km. as wasteland. ( Fig. No.3 >. 
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FIG. 3 : Landuse map ot the study area.(interpretation 
from LANDSAT TM FCC imagery}. 
WATER USE PATTERN :-
The use of groundwater has escalated significantly world 
wide since 1960 ( Fletcher, 1986 ). Out of the total water 
resources of the Ganga- Kali sub- basin, 27.4 H is drived 
from surface water source and 72.6 % from the groundwater 
source. 
At present, 65% of the total groundwater resource is 
used for irrigation, 10 % for domestic water supply and 5% 
for livestocks etc. 
< a ) ( b ) 
• • • 
• » • 
• • • 
Groundwater Surface water Irrigation Doaestic Livestocks 
Pig. Ho. 4. Pie diagram showing, a) Groundwater and surface 
water use pattern, b> Groundwater use pattern 
in the area. 
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GBOHORPHOLOGY 
Geomorphology of the area :-
The geomorphology in the study area is a result of 
crustal movement, erosion and deposition controlled by 
tectono - environmental setting during the Quaternary period. 
The dynamic and static aspects of relief, landforms, their 
variation in shape, size, composition and genetic evolution 
have been dealt. 
The area has been studied with the help of remotely 
sensed data using LANDSAT TM FCC, (False Colour Composite), 
of bands 2, 3 & 4. Visual interpretation for geomorphic units 
using interpretation keys like tone, size, shape, landuse, 
landforms, vegetation, relationship and association etc. 
has been carried out. 
The following geomorphic units have been identified in 
the study area ; 
1) Varanasi Older Alluvial Plain. 
2) Aligarh Older Alluvial Plain. 
3) Terrace Zone. 
4) Recent Flood Plain of Ganga. 
General Statoaent : 
The Varanasi Older Alluvial Plain represents remnant of 
a planar surface and occupies a major part of the area. 
Extensive agricultural activity is being carried out on this 
surface. Aligarh Older Alluvial Plain is a channel fill of a 
north flowing paleo-drainage system. It is characterized and 
11 
identified by the development of the paleo-channel in the 
space data out puts. 
The Terrace zone is identified by their linear pattern 
and continous develoEWQent at a level higher than the present 
river channel. It represent the paleo-flood plain of the 
Ganga river. The boundary between the Varanasi Older Alluvial 
plain and the Terrace zones is demarcated on the basis of 
tonal variation and landuse patterns. Terrace zones are 
further followed by the Recent Flood plain of the Ganga in 
the east, identified by their dark tone and irregular shape, 
development of cut-off meander, channel bars and point bars. 
( Fig. No. 5 ). 
Varanasi Older Alluvial Plain :-
This geomorphic unit corresponds to the Older Alluvium 
Group of the Indo- Gangetic plain (Das Gupta & Gupta, 1992). 
The word "Alluvium" is derived from the Latin word which 
means "flood", is more or less stratified deposit of gravel, 
sand, silt, clay or other debris moved by streams from higher 
to lower ground ( Dowel et.al., 1957 ). The term Alluvium was 
widely used in Central Europe for the nolocecne stage as 
distinct from " Diluvium " ( Pleistocene ). In the Indian 
context the term Alluvium has been used for the Quaternary 
deposits which are genetically related to the fluvial 
dynamics. During the pleistocene glaciation most of the 
rivers from the northern provenance had little discharge due 
to glaciation. Uowever, the southern provenance of the 
Vindhyan uplands supported a very well developed drainage 
12 
FIG. 5 : Geomorphological map of the study area I interpretation 
from LANDSAT TM FCC, imagery). 
13 
network, which poured the sediments during the pleistocene in 
the depression between Himalayas in the north and Vindhyan in 
the south. The alluvial deposits of the Indo-Gangetic plain 
which have a mix source with dominant clastic supply from the 
Vindhyan upland during the Pleistocene sedimentation are 
referred as Varanasi Older Alluvial Formation, which 
constitute geomorphologically the Varanasi Older Alluvial 
plain. 
The Varanasi Older Alluvial plain is characterized by 
uniformity in photo-characters, gentle to moderate slope and 
extensive agricultural activity. This unit occupies roost of 
the study area and higher topographic level with elevation 
ranging from 196 m. to 182 m. above M.S.L. This georoorphic 
unit can be recognized on LANDSAT TM FCC imagery by its 
bright to medium tone, irregular boundary outline, meander 
scars, cut-off meander, paleo-channels and associated with 
dominant agricultural practice. The local water logging 
conditions are also prevailing on this unit and can be easily 
picked up by dark tone on TM FCC image. The soil is almost 
normal soil which is sandy with admixture of clay and silt 
and has medium to fine texture. 
The ground truth carried out from the Varanasi Older 
Alluvium plain near Pesri, Tilokpur, Dibia, Pahasu, Jirajpur, 
Ahmedgarh and Jahangirabad indicate the Varanasi Older 
Alluvial plain is having an extensive agricultural activity, 
The sediments are more or less stratified deposit; sandy in 
nature with admixture of clay and silt, having medium to 
14 
fine texture. The Varanasi Older Alluvial plain is 
characterized by moderate to gentle slope and sharp contacts 
with the terrace zone and Aligarh older Alluvial plain. 
Aligarh Older Alluvial Plain :-
This unit cover large area and is represented by paleo-
flood plain of an earlier north flowing drainage system, 
which originated from Vindhyan upland in the south and had 
a regional slope towards north. It is characterized by 
extensive development of paleo-channel deposits. 
This paleo-channel is first recognized in Aligarh 
district (Sarodhani, 1990, Igbaluddin, 1992), and later in 
Dlandshahr district, ( Igbaluddin 1994 ). 
This unit is easily picked up on LANDSAT TM FCC image of 
band 2, 3 & 4 by its bright tone, irregular boundaries and 
sharp contacts, development of paleo-channels which extend 
beyond the study area. The development of saline/ alkaline 
patches is the characteristic feature of the Aligarh Older 
Alluvium plain and exhibit a bright tone on TM FCC image. 
The natural vegetation cover on this unit is poor but 
at places land reclamation has facilitated agricultural 
practice with seasonal crops. The preferred landuse is 
horticulture which include the fruit, orchards, neem, mango, 
and guava plantation etc. 
The soil cover is admixture of sand, silt and clay, the 
texture is fine to very fine. This unit crosspond to Older 
Alluvium Group, (Das Gupta & Gupta, 1992). 
The ground truth carried out from the Aligarh Older 
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Alluvial plain near Pindrawal, Salabad, Daultpur Kurd, Riwara 
and Chiroaoli indicate that the Aligarh Older Alluvial plain 
is having a very poor vegetation cover because of the high 
incidence of saline / alkaline patches. The Aligarh Older 
Alluvial plain is characterized by higher relief which have a 
sharp contact with the Varanasi Older Alluvial plain. The 
sediments consist of sand, silt and clay, with fine to 
very fine texture and exhibit grey to yellowish brown colour. 
Terrace Zone :-
Fluvial Terraces are topographic steps, platforms, 
benches, treads or flats in river valleys that usually 
represent the former levels of the valley floor or flood 
plain. They are located at more or less constant heights 
above the present flood plain and valley floor. The unit 
represent a composite surface formed by coalescence of 
depositional Terraces which are homogeneous in lithological 
characters and have short aerial extent. 
The Terraces constitute the flood plain deposits of the 
Ganga and its tributaries and have been distinguished into T2 
and Tl level Terraces in the study area. Chronologically T2 
is older than Tl, and they correspond to Newer Alluvium 
Group, ( Das Gupta and Gupta, 1992, Thussu et.al., 1992, 
Iqbaluddin, 1994 ). 
T2 terrace ; 
This unit has a higher level compared to Tl Terrace. It 
is developed on the western bank of Ganga river south 
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Anupshahr town (Fig.No.5 ), where it occurs as a thin linear 
and discontinuous tract and abuts against the younger Tl 
Terrace. This unit can be recognized on LANDSAT TM FCC, by 
the tonal contrast with Varanasi Older Alluvial plain. It 
medium to dark tone. At places T2 Terrace has meander scars. 
The vegetation cover comprise seasonal crops. 
The ground truth carried out for T2 Terrace near 
Muharsa, Paharpur, Talwar and Deogawon indicate that the T2 
terrace having a well developed vegetation cover with 
agricultural activity and seasonal crops. The sediments 
comprise of admixture of fine sand and clay. The T2 occur as 
a depressed topography against Varanasi Older Alluvial and 
Aligarh Older Alluvial. The boundary between T2 and Tl 
Terraces is difficult to detect, as it has been erased by 
agricultural activity in the area. 
Tl Terrace ; 
Tl Terrace occurs as a continous linear stretch between 
T2 and the Recent Flood plain of Ganga river. Its represent 
the paleo- flood plain deposit of the Ganga, and is developed 
along the western bank of the river. Tl Terrace is saperated 
from Recent Flood plain by break in slope which varies from 
1 m. to 3 m. The nick points have been erased by extensive 
agricultural activity along the unit. This surface is 
homogeneous in character and do not show much difference with 
T2 Terrace. At places it is difficult to draw boundary 
between T2 and Tl Terraces on the LANDSAT TM FCC due to the 
tonal similarity. It is a narrow and continous zone, 
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characterized by the presence of meander scare and cut-off 
meander, representing the change in the river courses and 
sluggish low energy environment. 
The Natural vegetation cover comprise grasses and 
bushes and seasonal cultivation. 
The ground truth carried out from Tl Terrace near Ahar, 
Anupshahr, Ddaipur and Karnabas indicate that the Tl is 
having stratified deposit of sand mixed with clay. The Tl 
Terrace is characterized by gentle slope, which is separate 
from the Recent Flood plain by sharp break in slope and nick 
point development. 
Recent Flood Plain of the Ganga : 
The Recent Flood plain of the Ganga cover the area 
adjacent to the banks which submerge during high flood level. 
It is the active flood plain subjected to inundation by 
annual flood during the peak discharge (Wolman and leoplod, 
1957 ). 
The Recent Flood plain of the Ganga exhibit dark tone, 
irregular boundary outline, and sharp geomorphic contact with 
the Terrace zone, defined by nick points and micro relief 
changes along the Flood zone. In the LANDSAT TM FCC the 
recent Flood plain is identified by the presence of point 
bars, channel bars and development of cut-off meanders which 
serve as recognition elements. The Recent Flood plain of the 
Ganga is growing by lateral accretion as indicated by the 
point bars, channel bars and cut-off meanders. 
Lithologically it represents Recent Alluvium Group and 
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comprise active alluvium which is in the dynamic state and 
subject to transport with annual inundation during peak 
discharge. 
The ground truth carried out for the Recent Flood plain 
near Narora, Ramghat, Anupshahr and Ahar indicate that the 
Recent Flood plain is having scanty vegetation. The sediment 
are sandy, the beds exhibit pronounced cross stratification, 
the lenticularity in the bedding plane is prominently 
developed. The Recent Flood plain is characterized by low 
relief which has sharp contact with the Terrace zone and 
imperceptibly merge with the river channel of the Ganga. The 
boundary between the river valley and the Recent Flood plain 
is defused and ill defined like any frontier zone. In the 
image the boundary has been placed between the clastic fence 
of the flood plain and the water front of the Ganga river. 
DRAINAGE :-
The study area is drained by the Ganga, Nim - Chhoiya 
and Kali rivers, which flows from north to south and further 
swings to south east direction. The Ganga river forms the 
eastern boundary and the Kali forms the western boundary of 
the area, while Nim- Chhoiya pass through the central part 
of the study area ( Fig.No. 6 ). 
Ganga River ; 
The Ganga river flows along the eastern boundary of the 
area. It has developed a wide flood plain. The flood plain is 
smooth and gentle. The channel migration is seen east to 
20 
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FIG. 6 : Drainage system of the study area tinterpretation from 
LANDSAT TM FCC, Imagery). 
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west. The ground truth collected near Ahar, Anupshahr and 
Ramgahat indicate development of bluff on the western bank, 
where the river is cutting through its own flood plain and 
has covered relative relief of 20 to 30 metres. The boundary 
of the channel and the flood plain on the western bank is 
abrupt, which is generally ravenous. 
The Nim and Chhoiya river ; 
The Nim and Chhoiya are higher order streams which drain 
the interfluve of the Ganga-Kali rivers. Nim river 
originates around Siyana block of Siyana Tahsil and is joined 
by Chhoiya river at its right bank near village Dibai. During 
the rain Chhoiya river carries off good deal of water from 
the area in its vicinity, and remain dry during summer, but 
the Nim is perennial, and provide water for irrigation. 
Kali River ; 
The Kali river originates in Muzzaffernagar and passes 
through Meerut district and enter Dulandshahr district from 
the north direction. The valley through which its flows is 
one meter deep and about ten meters wide. The river is 
perennial but not navigable, the volume of water is increased 
by the surplus water from the Upper Ganga Canal. The water of 
the river is used for irrigation only around the low lands. 
DRAINAGE MORPDOHBTRIC ANALYSIS :-
The drainage morphometric analysis is done with the 
objectives, that, the water carrying capacity of the drainage 
in relation to rainfall, runoff, percolation can be evaluated 
to predict its availability for groundwater exploration. 
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The integration of linear and areal aspects of basin has 
been taken into consideration and details are as fallows ; 
I) Linear aspects : 
The linear aspects include the roeasurement of the length 
and order of each stream, from which the following parameters 
been calculated : 
1- Bifurcation Ratio, (Rb), 
The bifurcation ratio is the ratio between the number 
of segments of a given order (Nu) to the number of segments 
of the higher order (Nu)l). 
The higher values indicates more runoff and low 
permeability ( Strahler, 1964 ). 
2- Mean Stream Length, (ML), 
The mean stream length is the ratio between the 
cumulative stream length and stream number, thus, it is 
revealing the characteristic size of components of a drainage 
network and its contributing basin surfaces. 
II) Areal Aspects : 
The areal aspects deals with the geometric variables of 
the basin, which can be indicated by the following 
parameters ; 
1- Area of the basin ; 
The area is measured planimetericaly from a map or 
imagery and photograph on which the perimeters have been 
outlined for each order. 
The relationship of basin area with respect to other 
variables such as order, channel slope, channel width and 
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stream length, would apply, by direct propotionality to 
average annul discharge as well ( Strahler, 1964 ). 
2- Form factor ; (Rf), 
Horton, (1932), established this term in which he has 
expressed it as a dimensional ratio of basin area to the 
square of basin length. 
The shape and the outline form of a basin which is 
normal pear shape may affect stream discharge 
characteristics. If we have a long narrow basins with high 
bifurcation ratios we can have attenuated flood discharge, 
whereas rotund basins of low bifurcation ratio would be of 
sharply peaked flood discharge (Strahler, 1964 ). 
3- Circularity ratio, (Re), 
This term has been established by Miller, (1953 ), 
which is the ratio of the basin area to the area of a circle 
having the same perimeter as the basin. 
4- Elongation ratio, ( Re ), 
Schurom,( 1959 ), define the elongation ratio as the 
ratio of diameter of a circle of the same area as the basin 
to the maximum basin length. 
Doth, circularity and elongation ratio affect the 
infiltration behaviour of basin area, in which if we have 
higher ratios associated with low relief we can have more 
chances of increasing the infiltration to the sub-soil. 
5- Drainage density, ( D ), 
The drainage density is one of the most important 
parameter, which can be expressed as the closeness of spacing 
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of channels. Mathematically, it is expressed as the ratio 
between the cumulative length of stream to the area of a 
basin. 
Hence, the higher drainage density values indicate 
more runoff and less permeability, while low drainage density 
indicates less runoff and more permeability ( Strahler, 
1964 ). 
6- Stream frequency, (F), 
The stream frequency is the number of stream segment 
per unit area. The stream frequency is the measure of the 
texture of the drainage net. 
Melton, ( 1958 ), study the relation between the 
drainage density and the stream frequency and he found out 
the following relation which is as follows ; 
F = 0.694 D= 
where, F is the frequency and D is the drainage density. 
The above parameters have been estimated for the 
study area (Table No.3 ) to evaluate the morphometric control 
in groundwater budget of the area. 
The three micro-watersheds or sub-basins, the Ganga, 
Nim-Chhoiya and Kali watersheds have less drainage density 
which suggest more permeability and less runoff, which is 
also, supported by the result of the infiltration and the 
bifurcation ratios data for the sub-basins. 
The circularity and the elongation ratios indicates low 
relief and gentle ground slope which result in more 
infiltration in the area. 
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Moreover, the drainage density is a dependent variable, 
which is related to the, runoff intensity, rainfall intensity 
infiltration capacity, erosion intensity, relief, density and 
viscosity of the fluid and the acceleration of gravity 
(Strahler, 1964 ). 
The data on soil and sub-soil collected during the 
present study indicate that Kali-Niro interfluve has more clay 
percentage than Ganga-Nim interfluve, as a result the 
infiltration is less and runoff is high in Kali-Niro 
interfluve as compare to Ganga-Nim interfluve in the eastern 
part of the study area where infiltration is higher and 
thus, the recharge of the groundwater is more in the east 
than in western part of the study area. 
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GEOLOGY 
GEOLOGY OF TDE AREA :-
The Indian subcontinent is divisible into three main 
physiographic units : the Peninsula, the Diroalyan and the 
Indo-gangetic plains. 
Further the Indo-gangetic plain consist of the following 
basins; (Fig.8 ); 
i) Indus basin <in Pakistan). 
ii) Punjab basin (in the Punjab). 
iii) Ganga basin (in D.P. and Dihar). 
iv) Lrahmaputa basin (in Assam). 
v) Ganga- Drahmaputa basin (in West Bengal and Dangla Desh) 
Ganga BASIN :-
The Ganga basin extends from Delhi Ilardwar ridge in the 
west to Monghyr- Saharsa ridge in the east, which is further 
subdivided into : ( Fig.9 ). 
a) Eastern Dttar Paradesh Shelf. 
b) Western Uttar Paradesh shelf. 
TECTONIC FRAMEWORK OF Ganga BASIN : 
Tectonically the Ganga basin roay be subdivided into the 
followings ; 
1- East Ottar Paradesh shelf; which is divided again into 
i- Monghyr-Saharsa ridge and ii- Gandak depression. 
2- Faizabad high. 
3- West Dttar Paradesh shelf; which consists of the 
following ; 
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i- Kasganj- Tanakpur spur. 
ii- Sarda Depression. 
iii- Delhi- llardwar ridge. 
1- East Dttar Paradesh shelf ; 
It extends from Monghyr- Saharsa ridge in the east 
to Faizabad high in the west and merges into the Gandak 
depression in the north towards the himalayes. 
i- Monghyr - Saharsa ridge ; 
It extends in the northeast direction and denotes the 
sub-terranean continuation of Satpura orogenic belt. It 
marks the eastern limit of the Ganga basin. 
ii- Gandak depression ; 
The Gandak depression is bounded to the west by Faizabad 
high and in the east Patana fault. However, this depression 
is characterizes by a thick sediment of more than few 
thousand metres. 
2- Faizabad High ; 
The northeastern extension of the Dundelkhand granitic 
massif which occupies the central part of the Ganga basin, 
which has played a significant role during the deposition of 
Vindhyan sediments. Furthermore, it formed a positive area, 
thus, dividing the basin into the eastern and western 
shelves. (Srivastava, et al., 1983). 
3- West Dttar Paradesh shelf ; 
It may be divided into two sub divisions, one to the 
east of the Moradabad fault and the other west of it. The 
eastern part of west Dttar Paradesh shelf which lies between 
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Moradabad fault and Faizabad high is one of the most well 
studies area of the Ganga basin. This shelf is traversed by 
the Great Boundary Fault which separates Delhi group of rocks 
from Upper Vindhyans. The northern fringe of the Ganga basin 
is marked by the Himalayan Frontal Fault ( Fig.No. 9 ). 
The basement and sedimentary cover of Upper Vindhyan and 
Siwaliks, were Cris- crossed by the longitudinal and traverse 
faults generating there by uneven configuration of the 
subsurface topography which are as under : 
i- Kasganj- Tanakpur Spur ; 
It is the northern extension of the Dadaun arch in the 
Ganga basin. The eastern edge of this Spur concedes with the 
sub-surface extension of the Great Boundary Fault, 
(Raiverman, et al., 1983). 
ii- Sarda depression ; 
It represents the northern part of the western 
Dttar Paradesh shelf from which it is tectonically 
distinguished on the basis of inferred sedimentary thickness 
of more than 1000 ro. and by NW-SE trending structures. 
iii- Delhi dardwar ridge ; 
It represents a north north - east - ward extension of 
Delhi folded belt and the western limit of the Ganga basin. 
ORIGIN OF THE Ganga DASIN :-
As regards the origin of the Ganga basin there are 
various shades of opinions and some of them are as follows; 
Suess (1904- 1924), thought it a fore deep, Durard 
(1915 ), considered it a great rift valley , which filled 
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up with alluvium of thickness 4.5 Km (Oldham, 1917). 
Ganser (1964), suggest that the Ganga basin in front of 
the Ilimalayas doesn't represent a sediment filled fore deep 
but the depressed part of the Peninsular shield which in all 
likelihood, fault against the outer Himalayan front. 
Krishnan (1968), considered its origin to a sag or 
depression which has been formed by buckling down of the 
curst in obedience to pressure exerted on the borders of the 
Peninsula by compressive forces. Valdiya (1982), interpreted 
its origin as a resultant effect of sagging of the northern 
flank of platform around Dundelkhand shield following the 
main episode of the Himalayan orogeny. Dickinson (1974), 
considers the Indo-Gangetic trough as the most impressive, 
and a major sedimentary basins developed between fold- thrust 
belts and the craton as a result of continent-continent 
collision. Mial and Bailey, 1981 ), saids that, the basin is 
a foreland basins, rather than fore deeps. 
The current view, is that, a shallow depression was 
created south of the rising Dimalaya due to the bending of 
Indian plate produced through overriding of the Lesser 
Himalayan nappes, ( Lyon - Caen and Molnar, 1985 ). Marine 
to fluviatile Tertiary sediments of the outer Himalaya and 
the Ganga basin were deposited in the foreland basin (Thakur, 
1994 - 1995 ), with thickness varying from about few metres 
in the southern most part of the Ganga basin to about, few 
thousand metres close to the outer Himalayan foot hills. The 
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development of foreland basin commence at about 25 Ma. 
(Tandon, 1991 ). The uplift was uniform and steady during 
Lower and Middle Siwalik time, but it increased suddenly 
during the Dpper Siwalik ( 5 Ma. ), Thakur, 1994-1995. 
Further, during the beginning of the Quaternary period and 
onward the basin attained the present configuration. 
SOD-SORFACE GEOLOGY OF THE AREA :-
Exploratory drilling in the central Ganga basin was 
carried out by the O.N.G.C. and Central Groundwater Doard in 
serach of Oil and groundwater. Over the past four decades 
exploratory bore hole was drilled in many parts of Central 
Ganga basin, but not in the Ganga - Kali sub-basin in 
Dulandshahr District. However, two deep exploratory wells 
were drilled at Kasiganj and Djhani respectively which are 
located about 30 Km. due south and southeast of the study 
area. The bed rocks encountered at Kasiganj at depth of 620 m 
is lower Dhander limestone. The same limestone was 
encountered at a depth of 967 m. at Djhani further north 
occurs the Ganga river. Possibly there is a fault along which 
the present Ganga flows. The Djhani side appear to be the 
down thrown side which shows a clear throw of 347 m. On the 
basses of this finding it can suggested that the Lower 
Bhander limestone may be encounter around Anupshahr in Ganga-
Kali sub- basin at a depth around 700 m. 
34 
Hence the sub-surface geology of the study area may 
possibly be as follows : 
Sequence of geological Depth range Thickness Age 
formations. (m) 
Quaternary sediments 0 - 360 360 Quaternary 
Siwaliks 
(Middle & Upper) 
-Dnconformity-
360 - 620 260 
Neogene 
Lower 
Bhander 
Limestone 
Bundelkhand 
Granitic basement 
-Unconformity-
620 - 2060 
•Dnconformity-
Porterozoic 
Archean 
2061 
( After O.N.G.C., 1983 ) 
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HYDROGEOLOGY 
Groundwater occurs in the pore spaces of the 
unconsolidated alluvial sediments in the zones of saturation. 
Therefore, systematic well inventory of 107 dug wells and 11 
tube well were carried out,( Fig.No. 10 ), and relevant 
hydrogeological data collected in order to study the general 
groundwater conditions, and movement, and water table 
behaviour. Also, water samples were collected to study the 
quality of the groundwater in the area. 
EVOLOTION OF AQOIFER :-
Evolution of aquifer system in alluvial terrain depends 
upon the hydrodynamic of the river systems, geology and 
topography of the area. 
The most dominant river is the Ganga which deposits the 
sediment in the form of ; 
1- Channel deposits. 
2- Flood plain deposits. 
3- back swamp deposits. 
CBAMNEL DEPOSITS ; 
The channel deposits consist of coarse to medium sand 
often mixed with gravels and are characterized by their 
fining up sequences which comprise the roost potential 
repository of groundwater. During the successive flood a 
fresh body of sand is deposits forming a thick clastic 
deposits, till the river changes its course. 
The river Ganga has been swinging to and fro in the past 
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due to diastrophic movement of the bed rocks lying below the 
alluvial cover, therefore, we find changes in the deposits 
which creates a complex regime in the area. 
Flood Plain Deposits :-
When the river overflows the banks we find this types of 
deposits, which is characterized by medium to fine sand of 
moderates thickness and limited areal extent. This types of 
sand bodies form moderately potential aquifer. 
Back Swamp Deposits :-
Further movement of the flood water down the slope to 
the low land forms a deposit, which predominantly consist of 
suspended material which get settled under the influence of 
gravity, and forms lensoid bodies of sand and silt which in 
turn are covered by a thick layer of clay. Therefore, it 
forms a poorly potential aquifer. 
Occurances Of The Groundwater :-
The groundwater occurs under the water table conditions 
in the shallow aquifer and confined to semi-confined in the 
deep aquifers. The main source of the groundwater recharge is 
the annual precipitation, canal seepage and irrigation return 
flow. 
Ac[uif er System : -
Dased on the lithological logs of the bore holes drilled 
by the state tubewell department a fence diagram (Fig.No. 11) 
and four sections (A-D, C-D, E-F, G-n ) in figure No.(12, a, 
b, c & d) respectively were prepared in order to depict the 
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FIG. 11 : Fence diagram of the area. 
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lateral and vertical extent of the various aquifer in the 
area,(see Appedix I ). A perusal of fence diagram shows that 
in all, there occurs two to three -tier aquifer systems down 
to the depth of 155.50 ro.b.g.l. The shallow aquifer occurs 
upto 50 metres .b.g.l. and the deeper aquifer below 50 
metres b.g.l. 
From the hydrogeological cross section A-D we find that 
the percentage of sand increases toward the Ganga river, 
which is supported by the other sections too. Moreover, as 
seen in section G-U of clayey material increases toward the 
Kali river which indicates the back swamp deposits. 
nence, the presence of clay and kankar as a lenticulars 
bodies, the aquifer are interconnected with each other and 
behave as a single boded aquifer. 
Depth to water level :-
The groundwater regime of an area is very well defined 
by its depth to water levels map. The depth to water level 
map helps us to study the regional variation of depth to 
water level below the ground. Hence, the measurement of the 
water level from the dug well is considered to be quite 
enough to represent the water level in the area of 
investigation. 
The data collected, during June and November 1993, the 
premonsoon and postmonsoon maps, respectively have been 
prepared ( Fig.No.l3, a, b ). The premonsoon depth to water 
levels were found to be vary from 4.0 m. to 15.35 m. (b.g.l.) 
while the postmonsoon ranged between 3.3 ro. to 14.7 ro. 
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FIG. 13a: Depth to water level map (June 1993). 
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FIG. 13b: Depth t o water l e v e l map (November 1993) 
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(b.g.l.). In general the area drained by canals has water 
level within 4.0 ID. and away from canals has deeper water 
level and accordingly, the central part and the north west 
portion of the area have deeper water level, which range 
between 10 - 14 m. (b.g.l. ). In the remaining part, the 
variation is observed ranging between 4 to 10 m.b.g.l. The 
water level data of these wells is given in ( Appendix II ). 
Water Level Fluctuation :-
The groundwater level fluctuation is the function of the 
recharge and discharge in the area. Thus, the recharge is 
controlled by the distribution of the rainfall, climate and 
topography of the area. Moreover, the other source of 
recharge are the seepage from the canals and irrigation 
return flows. Similarly, the discharge is controlled by 
changes in the storage of groundwater, either by excessive 
withdrawal or depletion of the normal rainfall, or both. 
The common observation, that the water table is deeper 
in topographic high and shallow towards the topographic lows, 
crosspondingly, the annual fluctuation of watertable is also 
higher in the uplands and lower in the depressions, with the 
same amount of rainfall in the area. 
The water level fluctuation in the area have been work 
out ( Appendix II ). The figure No. ( 14 ) shows the water 
level fluctuation in the area which range from 0.1 to 2.20 m. 
The study show that microhydrogeological changes 
occuring in the area, which is the resultant of the changes 
in the litho units, their variation and recharge capacity. 
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FIG. 14: Water table fluctuation map. 
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FIG. 15 : Soil map of the area, 
(interpretation from LANDSAT 
TM FCC imagery) 
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The distribution of soil (Fig. No. 15 ) supporting the 
fluctuation pattern in the area which as fallows ; 
a) Sandy soil with fluctuation of 1.2 to 2.45 m. 
b) Normal soil with fluctuation of 0.5 to 1.0 m. 
c) Clayey soil with fluctuation less than 0.5 m. 
Groundwater Movements :-
To Study the groundwater rooveroent we have collected 
water level data during June and November 1993 with reference 
to mean sea level as per the survey of India bench marks 
wherever available. From the data collected, pre and post-
monsoon water table contour maps were prepared, with contour 
interval of one meter ( Fig.No.16, a & b ). The elevation of 
the water table during premonsoon ranges from 191 meters 
north and northwest to 174 meters in the south and southeast 
above mean sea level. In a water contour maps convex contours 
indicate area of groundwater recharge, while concave contours 
are associated with groundwater discharge (Todd, 1980). 
The behaviour of the contours and their relation to each 
other give us a good idea about the movement and behaviour of 
the groundwater. A perusal of the premonsoon water table 
contour map ( Fig.No. 16a ), shows that, the regional 
groundwater flow direction is northwest to southeast. There 
are some local variations too. The groundwater flows due 
east towards the Ganga river and similarly groundwater flow 
due west towards the Kali and Nim rivers which shows their 
effluent nature. These rivers receive the groundwater runoff 
from the neighbouring areas. In the western part of the 
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Water table contour map (June 1993). 
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area, the slope of water table is towards west because of the 
groundwater trough created as a consequence of heavy 
withdrawal of the water in that area. 
In the area we find also presences of mounds and 
troughs. There are two mounds along the canal which indicate 
the influent behaviour of the canal in the area ( Anupshahr 
branch ), while their are three troughs two of which are 
located west and southwest while the third is almost locally 
in the north around Ahar. 
The working out of the hydraulic gradient is very 
important. The hydraulic gradient varies from 0.22 to 5.0 
m/Km. The steeper hydraulic gradient observed in the centre, 
north, south, southeast and southwest near Kali river, which 
indicates low permeability of aquifer material, moreover, 
predominance of clayey materials over the granular zones. 
The water table contour map ( November 1993 ) figure 
No. < 16b ), also, show similar patterns. This similarity is 
because of small rise in water table conseqnient to little 
recharge due to scantily rainfall over the previous years. 
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GRODND HATER RESOURCE EVALUATION 
Today's problem, is the ground water resource 
management, but before ground water resources can be managed, 
it must be quantitively evaluated. 
Thus, quantification of groundwater and surface water 
resources of a basin involves the application of principle of 
mass conservation, to account for the (quantitative changes 
occuring in various components of hydrologic cycle as applied 
to the basin. 
Water balance is a quantitive statement of the balance 
between the total water gains and water losses within the 
groundwater storage either plus or minus for a period of 
time. In other words it also can be expressed as a water 
balance equation in which the inflow-outflow and the change 
in storage in a period of time are represented by individual 
components. The groundwater balance equation may be 
expressed in the form as follows : 
I - 0 = + A s 
I = inflow 
O = outflow 
"•" ^ S = Change in storage 
Therefore, the groundwater potential of the basin 
must be evaluated to regulate the withdrawal from any basin. 
Groundwater is a dynamic replenishable but not an in 
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houstable natural resource. Refined quantitive evaluation 
needed for preparing plans for its utilization, management 
and conservation, using the various recharge and discharge 
components of ground water regime and their effect on its 
variation with time. 
The study area represent a distinct part of the 
central Ganga basin, covering part of Ganga-Kali sub-basin in 
parts of Dulandshahr district, which is characterized by the 
declining trend of water levels on one hand and water 
logging situations on the other hand due to over draft and 
rampant recharge of the top aquifer through canal seepage 
respectively. 
Groundwater Recharge: 
Groundwater recharge represent an important parameter 
in groundwater resource evaluation. It involves hydromete-
riological and hydrological processes taking on the surface 
as well as sub-surface due to varied lithological 
characteristics. 
The major source of groundwater recharge in the study 
area are as follows: 
1. Recharge through rainfall. 
2. Irrigation return flow. 
3. Seepage from canals. 
There are many method to estimate the groundwater 
recharge of which (i) Water balance method (ii) Seasonal 
fluctuation - specific yield method. Related to prevailing 
irrigation pattern in the study area the high seepage losses 
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to the top aquifers will be very significant, hence, we used 
the seasonal fluctuation and specific yield method to 
evaluate the recharge in the study area. 
Groundwater Recharge by specific yield Bkethod : 
Recharge area = 1631 sq. Km. 
Specific yield = 15.5% 
Average fluctuation = 1.2 m. 
Groundwater recharge = Recharge area X specific yield X 
Average Fluctuation 
1631 X 0.155 X 1.2 = 303.40 M.C.M. 
Recharge through irrigation return flow : 
To evaluate the irrigation return flow to the 
groundwater, the irrigated area and volume of water applied 
for irrigation are taken into consideration for working out 
the total volume of water applied , of which 30 % is assumed 
to return to the groundwater body. 
The total volume of water applied for irrigation = 
131.33 M.C.M. 
Return flow = 131.33 X 30 
= 39.40 M.C.M. 
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Recharge through canal seepage : 
The seepage losses from the canal have been estimated 
by the formula given by Satish Chandra (1983 ); 
W = 0.005 C ( D I D )«'•«»•' 
W = recharge from canal in m*/s/Km. length od 
unlined canal. 
0 * bed width in m. 
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D = water depth in m. 
C = a constant being 1.0 for intermittently 
running and 0.75 for constant running canal. 
a) Recharge through Dpper Ganga Canal ( Aunpshahr Dr.): 
W = 0.005 C ( D I D )«»•«•' 
= 0.005 X 0.75 ( 46.0 i 1.73 )o-o' = 0.05 m'/s/Km. 
now, length of the canal = 60 Km. 
= 0.05 X 60 = 3 m»/s 
monsoon seepage ; 
Total running days during monsoon = 107 
= 3 X 60 X 60 X 24 X 107 = 27.73 M.C.M. 
non-monsoon seepage ; 
Total running days during non-roonsoon = 144 
= 3 X 60 X 60 X 24 X 144 * 37.32 M.C.M. 
b) Seepage from Lower Ganga canal ; 
Total length of the canal - 8 Km. 
D = 73.17 m. 
D = 3.5 n. 
C = 0.75 
W = 0.005 X 0.75 ( 73.17 i 3.5 )°-*' 
= 0.07 m*/»/Km. 
total seepage in the basin through the total length of 
Lower Ganga Canal « 0.07 X 8 >= 0.56 m*/s 
monsoon recharge ; 
Total running days <« 182 
= 0.56 X 60 X 60 X 24 X 182 = 8.81 M.C.M. 
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non-monsoom recharge ; 
Same as monsoon recharge = 8.81 M.C.M. 
c) Recharge through distributors ; 
W = 0.005 C (D • D )o-o^ 
= 0.005 X 1.0 ( 7.2 I 0.92 )°'*" 
= 0.02 ro*/s/Kin. 
now, the total length of distributors = 43 Km. 
W = 0.02 X 43 = 0.86 ro'/s 
monsoon recharge ; 
Total running days = 29 days 
monsoon recharge = 0.86 X 60 X 60 X 24 x 29 = 2.16 M.C.M. 
non-roonson recharge ; 
Total running days = 31 days 
= 0.86 X 60 X 60 X 24 X 31 = 2.30 M.C.M. 
Total monsoon recharge through canals = a i b > c 
= 27.73 I 8.81 t 2.16 * 38.69 M.C.M. 
Total non-monsoon recharge through canals = a > b > c 
= 37.32 I 8.81 I 2.30 = 48.43 M.C.M. 
Monsoon recharge = ( Geog. area X Sp. yield X W.T. 
Fluctuation ) i gross Karif draft 
(monsoon canal seepage > monsoon seepage 
from surface water • monsoon recharge from 
G.W. irrigation ) X normal monsoon rainfall 
average monsoon rainfall 
> monsoon recharge from surface water i 
monsoon recharge from canal seepage ). 
Monsoon Recharge = <1631 x 0.155 X 1.2) i 67 - (38.69 i 39.4 
I 14.06) X 616.6 t 39.4 t38.69 
688.3 
= 366.48 M.C.M. 
Non-monsoon recharge = Geog. area X non-monsoon rainfall X 
infiltration factor 
Geog. area = 1631 sg. Km. 
Non-monsoon rainfall = 46.7 mm 
Infiltration factors = 25 % 
= 1631 X 0.25 X 46.7 
10* 
= 19.04 M.C.M. 
Gross recharge = non-monsoon recharge • monsoon recharge 
19.04 I 366.48 
= 385.52 M.C.M. 
Net recharge = ( 85 % of the gross recharge ) 
= 385.52 X 85 / 100 
= 327.69 M.C.M. 
Groundwater Draft : 
Groundwater being tapped through, deep tubewells 
private tubewells and piiroping set etc. In the study area 
there are 143 deep tubewells 6563 private tubewells and 4820 
pumping sets. The unit draft for these groundwater structures 
which has been taken into consideration to evaluate the draft 
are as follows: 
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1) Draft by State tube wells : 
No. of Deep tubewells = 143 
Unit Draft = 0.192 M.C.M. 
Total Draft = No. of deep tube wells x unit Drat 
= 143 X 0.192 = 28.60 M.C.M. 
2. Private tube wells : 
No. of shallow tube wells = 6563 
Unit draft = 0.0262 M.C.M. 
Total Draft = 6563 x 0.0262 = 171.95 M.C.M. 
3. Draft by pumping sets = 
No. of pumping set = 4820 
Unit Drafts = 0.014 M.C.M. 
Total Draft = 4820 x 0.014 = 67.48 M.C.M. 
Gross draft = 28.60 • 171.95 i 67.48 = 268.031 M.C.M. 
( Gross Karif draft =  ( 30 % of gross draft ) 
- 268.031 X 30/100 = 67 M.C.M 
Net Draft (70% of Gross Draft) = 268.031 x 70/100 
= 187.62 M.C.M. 
Net groundwater Recharge (85% of Gross recharge ) 
= 327.69 M.C.M. 
Dtilizable groundwater 
resource potential = Net recharge - Net draft 
= 327.69 -187.62 
= 140.07 M.C.M. 
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Study GrosB Net Gross Net Mater 
area recharge ground- groundwater ground Balance 
in Sq. in M.C.M. water re- Drafts in Hater in 
KB. charge in H.C.M. Draft M.C.M. 
M.C.M. In M.C.M. 
1631 385.52 327.69 268.031 187.62 140.07 
Stage of Groundwater Development :-
In order to determine the stage of groundwater 
development in the study area, NADARO's norms has been taken 
into account which are as follows:-
Stage of the Groundwater development = Net yearly draft x 100 
Net recoverable recharge 
= 187.62 X 100 
327.69 
= 57.25 % 
Area where the stage of groundwater development is less than 
65% is considered "white" or safe, 65-85% "grey" or critical, 
more than 85% as "dark" or very critical. 
The study show that the area under the investigation 
falls under the "White" category as the status of groundwater 
development as per NADARO's noms is 57.25 % only. 
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Moreover, the utilizable groundwater resource 
potential for future development is estimated as 140.07 
M.C.M. which can be utlliied for the further developinent of 
groundwater in the area through the construction of 5603 
shallow tubewells and 765 deep tubewells in the phased manner 
during the next five years. 
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BYDROCHBMISTRY 
It is generally recognized that the quality of 
groundwater is just as important as its quantity. The 
problems of water quality and quantity dates back to the 
ancient civilization in Egypt, Mesopotamia and India. Since 
1930, much has changed. 
The availability of good, clean water is a public 
health issue. Many human diseases ( Cholera, Typhoid, 
Jaundice & Plagues > are serious problems. Regrettably, water 
borne disease transmission remains a serious concern even in 
the most developed countries. 
Poisoning by toxic chemicals and related chronic 
effects are the most recent public health concerns to arise 
over water quality. 
Water quality is important not only because of its 
linkage to the availability of water for various uses and its 
impact on public health, but also, because water equality has 
an intrinsic value. The quality of life is often judged on 
the availability of pristine waters. 
Rock Water Interaction ; 
Groundwater is not pure because it usually contains 
dissolved mineral ions (Fletcher, 1986 ), and dissolved gases 
such as carbon dioxide, sulphur dioxide, nitrogen and oxygen, 
which are present in the air and are entrapped as precipition 
occurs. As a result, the pll value of most precipition is 
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below 7 ( acid condition ) and the water is corrosive. Upon 
reaching the earth's surface, the water may pick up organic 
acids from humus and similar materials which increase its 
corrosive characteristics. While the water is percolating 
through rocks, minerals are attacked by the acid waters and 
dissolved, forming salts which are taken into solution. The 
amount and character of the salts depend upon the chemical 
composition of the water ; the mineralogical and physical 
structure of the rock encountered; and the temperature, 
pressure, and duration of contact. 
Groundwater Flow and Quality ; 
Groundwater moves through a regional flow system, its 
physical and chemical characteristics are modified by the 
environment encountered. It dissolves soluble ions, and 
thereby changes its chemical composition. Thus, the chemistry 
of groundwater can some time be used to decipher its complex 
flow history. As groundwater moves along its flow paths in 
the saturated zones, it increases the total dissolved solids 
due to the presence of carbon dioxide by which the most 
important acid HaCOa is produced in the soil zone < Freeze 
and Cherry, 1979 ), in which we find that the shallow 
aquifers are characterized by higher percentage of 
bicarbonate, while the intermediate aquifers are 
characterized by more sulphate concentration and the deeper 
one is characterized by high occurrence of chloride and total 
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dissolved solids ( Dominico, 1972 ). However, the quality of 
groundwater can be determined only through its chemical 
analysis. 
A typical analysis of water samples has been 
undertaken to evaluate the groundwater quality in the study 
area, which includes, specific conductance, hydrogen ion 
concentration ( pH ), hardness and total dissolved solids. 
As the major constituents occur mainly in ionic form and are 
commonly referred to as Na*, Ca**, Mg"^ ', Cl~, HCO,-, CO,"*. 
The total concentration of these six major ions normally 
comprise more than 90 % of the total dissolved solids in the 
water, ( Freeze and Cherry, 1979 ). 
The concentration of these ions is controlled by the 
availability of the elements in the soil and the rock 
formations through which the water has to pass through. 
In order to ascertain the groundwater quality, 47 water 
samples were collected during June 1993 from dug wells spread 
over the entire area. The water samples were put to partial 
chemical analysis in the laboratories of the RSACREG, Geology 
Department and in the Unani Medicine Department, Aligarh 
Muslim University, Aligarh. 
METHOD OF COLLECTION : 
Sampling techniques, however, can affect the accuracy 
of the chemical analysis, ( Fletcher, 1986 ). 
Therefore, samples were collected in well cleaned one 
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litre capacity, double stoppered polythene bottles. The 
bottles, after collection of the samples, were capped and 
sealed with wax instantly in the field. In order to asses 
surface water quality and its relation with groundwater, 
water samples from the rivers and canals were also collected 
by the same procedure. 
ANALYTICAL PROCEDURE : 
The samples were analysed in the RSACREG lab and 
Electrical conductivity, pll. carbonate and bicarbonate 
chloride, total hardness, magnesium, calcium were determined 
as per the standard methods recommended by APQA (1975) and 
Trivedy and Geol, (1984). 
Doth anions and cations were determined by Volumetric 
method. Sulphate was determined by Gravimetric method and 
sodium and potassium were determined by Flame Photometer 
method. 
MAJOR ELEMENTS AND RADICALS : 
1. Hydrogen Ion Concentration (pH) ; 
The concentration of hydrogen ion is a critical water 
quality determinant, the concentration of (H* ) control 
speciation of many other geochemicals, influence dissolution 
and precipitation and determine whether the water will 
support aquatic life ( McCutucheon, et.al., 1993 ). The 
measurement is given by negative logarithm of hydrogen ions 
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activity in moles per litre. In pU scale, 7 is considered 
neutral, below 7 it's acidic, while above 7 it's basic. 
The pU of the groundwater was found to be vary 
between 6.89 to 8.61 during the year 1993, which shows that 
the groundwater in the study area is moderately alkaline in 
reaction. 
2. Electrical Conductivity (E.G. micro mohos/cro at 25 C° ):-
The electrical conductivity is defined as reciprocal 
of the electrical resistance of a 1 cm^ cube a material at 25 
C°. (McCutcheon et al., 1993 ). The Electrical conductivity 
is the measure of the mineralisation and indicative of 
magnitude of the salinity of the groundwater. As has been 
analysed the E.C values vary from 378.3 to 1185.7 micro 
roohos/cm at 25 C° ( Fig.No. 17 ). Higher values E.C for some 
water samples show that the groundwater is moderately 
mineralized. E.C. values more than 1500 micro mohos/cm at 25 
C may cause corrosion of iron and steel. 
3. Carbonates :-
The dissolution of carbon dioxide in the water affect 
the alkalinity in the natural water. Dence, the carbonate and 
bicarbonate with higher concentration is hamful to the human 
beings, (Trivedy and Geol, 1984). 
The concentration of carbonates in the shallow 
aquifer water ranges from 12 ppm. to 105 ppro. 
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FIG. 17 : E l e c t r i c a l c o n d u c t i v i t y map of t h e a r e a . 
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4. Bicarbonates :-
The bicarbonates show wide fluctuation, because its 
content depend upon the partial pressure of carbon dioxide in 
the soil, which is quite independent of the aquifer 
characteristics. The concentration varies from 106.75 in 
Ilasanpur water sample to 667.95 ppro. in Malakpur water 
sample. More than 400 ppm of bicarbonate causes soft type 
incrustation. 
5. Chloride :-
The chlorides are highly soluble with roost cations, 
therefore, chloride can not be removed biologically in 
treatment of the waste water. The chloride is hamful at 1500 
ppm. concentration and produced salty taste at more than 200 
ppro. The concentration of chloride in the groundwater of the 
area varies from 17.75 ppm. to 330.86 ppm. ( Fig.No. 18 ). 
Water that contains less than 150 ppro. chloride is 
satisfactory for most purposes. A chloride content of more 
than 250 ppm. is generally objectionable for a municipal 
water supply, and water containing more than 350 ppm. is 
objectionable for irrigation and industrial uses. Water 
containing as much as 500 ppm. chloride frequently has a 
disagreeable taste. 
6. Sulphate :-
Sulphate is an important constituent of groundwater 
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and causes Gastrointestinal irritation if it exceeds 250 ppm 
(Raghunath, 1982 ). 
Dowever, the concentration of sulphate in the study 
area is very low in general and varies from 0.004 ppm to 
0.90 ppm. 
7. Sodium : 
Sodium is considered to be harmful to persons 
suffering from cardiac disease and high blood pressure, 
therefore, the concentration of sodium should be within the 
limit. 
The concentration of sodium varies from 8 ppm. to 
98 ppm. which is within the permissible limits, as the 
maximum limit is 200 ppm by W.U.O. (1984). 
8. Potassium : 
The potassium is not much significant from the health 
point of view but large quantities may be laxative. (Trivedy 
and Geol, 1984). 
The concentration of potassium varies from 6 ppm to 
77 ppm. which indicates that the concentration is low in the 
area and is within the permissible limits, as for the 
drinking water the maximum limit is 1000 to 2000 ppm. < I.e. 
M.R. 1975 ). 
9. Calcium : 
The calcium is one of the most abundant substance of 
the natural water, ( Trivedy and Geol, 1984). Calcium forms 
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as an essential elements for the growth of the hiunan body, 
which is required between 0.7 to 2.0 grans/ day. 
The calcium concentration in the groundwater of the 
area varies from 6.41 ppm. in Pahasu water sample to 165.9 
ppm. in Malakpur water saunple, while the maximum permissible 
limit is 200 as given by the ( I.C.M.R., 1975, and W.n.O., 
1984 ). 
10. Magnesiviro : 
The higher magnesium concentration may be cathartic 
and diuretic ( Lehr, et al., 1980 ). Also, the values of 
magnesium combined with sulphate acts as laxative to human 
beings. 
The magnesium concentration varies from 2.40 ppm. in 
Ramghat water sample to 139.40 ppm. in Dedrampur water 
sample. The maximum concentration lies in the western part of 
the area. The maximum limit given by the I.CM. R.( 1975), 
is 50 to 100 ppm for drinking water. Six villages where the 
concentration exceeds the permissible limit are Pilkhana (121 
ppm.), Dedrampur ( 139.40 ppm.), Jarjpur (124 ppm.), Salabad 
(104 p{HD.), Rhamnpur (133 pE»a.), Charura (125 ppm.). 
11. Hardness : 
Dardness was defined as a measure of the ability of 
a water to precipitate soap. The soap precipitation is 
controlled by the magnesium and calcium ions presents and 
computed from the sum of the two ions expressed in Mg CaCO* 
L"*^ . ( McCutcheon, et.al., 1993 ). The hardness in water is 
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derived front the solution of carbon dioxide, released by 
bacterial action in the soil in percolating rain water 
( Sawyer and McCarty, 1967 ). Hardness results frois the 
presence of divalent metallic cation, of which calcium and 
magnesiuiQ are the most abundant in the groundwater. 
The hardness can be classified on the bases expressed 
in Mg CaCO' L~* as fallows; ( After McCutcheon,et.al., 1993), 
I I I 
Class of Uardness ! 
Soft I 
Moderately hard ! 
Uard : 
Very Uard I 
Concentration in 
Mg CaCO* L-^ 
0 - 5 0 
51 - 120 
121 - 180 
> 180 
The permissible limit is 500 ppro. (W.H.0.,1984 ). 
The values of hardness in the shallow groundwater of the area 
varies from 66 ppm. to 595 ppro. However, the higher value of 
hardness ( 595 PE«n>) was determined in the water sample 
collected from an open well of the Charura village figure No. 
(19). 
NATER QUALITY CRITERIA : 
A water quality criterion is that, concentration , 
quality, or intensive measure ( example, temperature ) that , 
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if achieved or maintained will allow or make possible 
a specific water use. Thus, the water quality should satisfy 
the requirements or standards set for the specific use. 
Quality limits of water supplies for various uses apply to 
the groundwater because of its extensive development fore 
these purposes. 
In most developed countries water quality limitations 
are defined by water use standards and reasonable water use 
criteria. 
The main classes of water uses are: 
1. Domestic and Municipal uses. 
2. Agricultural uses (Irrigation). 
3. Industrial uses. 
DOMESTIC AND MUNICIPAL OSES : 
The chemical and biochemical constituents in 
groundwater determine its usefulness. Hence, the requirements 
for a good drinking water is that it should be free from 
biological, chemical and radio neuclids contaminations as 
they impinge on human health. 
In the present study we could not analyse the 
radioactive and biological constituents, because of the lack 
of facilities over here. 
As per the standards established by the World Health 
Organization (1984) and the Indian Council of Medical 
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Research (1975), the quality of the groundwater in the area 
is within the permissible limits <Table No. 5 ) and hence 
potable. 
A6RICULTDRE OSES (IRRIGATION) : 
The area is dominated by agricultural activities, 
thus, it is very important to discuss the hazards which 
affect the crops productivity. 
Moreover, there are many factors which have to be 
considered in evaluating the usefulness of groundwater for 
irrigation, like, total concentration of dissolved solids, 
the concentration of individual constituents, the relative 
propotion of some constituents, the nature and composition of 
the soil and sub-soil, the topography of land, the position 
of water table, the amount of groundwater used and methods of 
applying, the type of crops grown and the climate of the area 
and method of crop management (Walton, 1970). 
The most effective hazard is the salinity and the 
sodium hazard, because it is well known that the crop 
production or the germination of seed is reduced when 
excessive accumulation of salt exists in agricultural soil. 
A soil high in exchangeable sodium is very 
undesirable for agriculture as it causes flocculation 
resulting into the formation of a relatively impermeable 
curst ( nem, 1959 ) which lower the fertility of the soil. 
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The data plotted on U.S. Salinity Laboratory Staff 
diagram ( 1954 ), (Fig. No.20 ) on which the Electric 
Conductivity (E.C) is an indicator of salinity and sodium 
Adsoraption Ratio (SAR) as an index for sodium hazard. The 
SAR is defined by ; 
SAR 
\ 
Na* 
Ca** + Mg*^' 
2 
The concentration of the cations are expressed in 
ppro. The quality classification for irrigation water is given 
in the table ( No. 5 ) below : ( After USSL, 1954 ) , 
I Water Salinity hazard E.C. in 
micro moho/cm at 25C° 
Alkali/SAR! 
< 250 
250 - 750 
750 - 2250 
2250 
The SAR have been calculated (Appendix No.Ill ) and 
correlated and plotted on the DSSL (1954) diagram. A perusal 
of the DSSL diagram ( Fig.No. 20 ), shows that most of the 
water samples fall in the class C2-S1 and C3-S1 where some 
samples fall in class C3-S2 which is suitable for irrigation. 
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Uowever, some samples fall in the classes C2-S2 and C3-S2, 
only few samples fall in class C3-S3 and C3-S4 which shows 
poor quality water. The study shows that by large, the 
groundwater in the area is suitable for irrigation. 
Wilcox (1955), has proposed another classification 
for irrigation water based on electrical conductance and 
soluble sodium percent and Doron concentration (Fig. No. 21). 
The sodium percentage is calculated by : 
Na % = (Na* -•- K* ) % 100 
Ca*' + Mg** + K" + Na* 
Where all concentration are expressed in ppm. 
The table No. ( 6 ) indicate the wilcox classification. 
:Water Na % E.C urohos/cro at25 C 
A perusal of the Wilcox diagram (Fig.No. 21), shows 
that the quality of the groundwater in general fall in 
excellent to good categories except three water samples which 
fall in permissible to doubtful category. This is 
inconformity with the USSL diagram where the three samples of 
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< Pandrawal, Pahasu, Ddaipur ) fall in C2-S3 and C3-S4 
categoriee. 
INDUSTRIAL OSES :-
The industrial development has been encouraged 
and infrastructure in form of water supply has often been as 
incentive business. Dowever, the demand for water for 
industrial uses has increased rapidly. 
Thus, the industrial water criteria should be 
apparent that, the quality requirements of water used in 
different industrial process vary widely. Moreover, within 
each industry, criteria can not be established, only limited 
ranges can be stated. 
For example, the water used in food industry, boiler 
feed and cooling should be free form corrosive nature and has 
less hardness concentration, less than 80 ppm. (Anon, 1940 ). 
Also, pure water is required for manufacture of 
pharmaceutical, paper and beavarges. 
In the perspective of the above factors, the water 
quality of the study area may be recommended for all 
industrial uses except for pharmaceutical uses. Dowever, the 
groundwater can be used for pharmaceutical paper too after 
preliminary treatments for hardness. 
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SURFACE WATER QUALITY : 
To ascertain the qp^ ality of the surface water and its 
relation with groundwater, samples for major elements study 
were collected from different locations along the rivers , 
Ganga, Kali and Upper Ganga Canal ( Anupshahr branch ), and 
later these samples were chemically analysed. 
A perusal of table No.( 7 ), shows that the pU values 
range between 7.42 to 8.01, 7.88 to 8.20 and 7.30 to 7.90 and 
electrical conductivity varies between 143 - 206, 458 -512 
and 114 - 142 umbos/cm at 25 C° in the water samples of the 
rivers Ganga, Kali and Anupshahr branch respectively, showing 
that the water is alkaline in nature. In comparison with the 
groundwater, surface water has less concentration of the 
cations and anions. 
Uowever, the analytical results show that the surface 
water is within the permissible limits for drinking as well 
as irrigation and industrial purposes. 
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CX>NCLDSION AND SUMMARY 
Water is vital for mankind. Groundwater is one of 
the important sources of water and occurs in pore spaces in 
the interconnected fractures and solution cavities of the 
geological formations. 
Remote sensing and its continued development has 
added a new techniques that hydrogeologists can use in a 
large number of applications. The remote sensing data can be 
used in the groundwater exploration in a big way. 
Remote sensing techniques have wide applications in 
the landforro system analysis. Uowever, satellite images have 
been used extensively for mapping the hydrogeomorphic zones. 
LANDSAT TM, FCC of band 2,3 & 4 were used for the delineation 
of the hydrogeomorphic zones in the study area. 
Hydrogeomorphic zones of an area help to derive information 
about groundwater potential of that area. 
In the present study hydrogeomorphological mapping 
of a typical Quaternary alluvial terrain of the central Ganga 
basin has been carried out. 
LANDSAT TM imagery was visually interpreted using 
standard interpretation keys such as colour, texture, 
pattern, drainage, shape, etc. On the bases of the above 
parameters, four hydrogeomorphological zones were delineated 
and mapped on 1:250,000 scale. However, available 
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conventional geological and hydrogeological information were 
used in the delineation of the four zones : the Varanasi 
Older alluvial Plain, the Aligarh Older Alluvial Plain, the 
Terrace Zones and the Recent Flood Plain. The Varanasi Older 
Alluvial Plain and the Aligarh Older alluvial Plain have a 
good to very good groundwater potential, while the Terrace 
Zone and the Recent Flood Plain have a moderate to good 
groundwater potential (Fig.No. 22 ). 
As regards the origin of the Ganga basin there are 
various shades of opinions : it was interpreted to be 
a fore deep (Suess,1904-1924), or as a great rift valley 
(Durard,1915), filled up with alluvium of thickness 4.5 Km. 
to 20 Km. Krishnan (1968), considered its origin to a sag or 
depression which has been formed by buckling down of the 
crust in obedience to pressure exerted on the borders of the 
Peninsula by compressive forces. Valdiya (1982) interpreted 
it as a resultant effect of sagging of the northern flank of 
platform around Dundelkhand Shield following the main 
episode of the Uimalayas orogeny. Dickinson (1974), 
interpreted it as trough developed between fold-thrust-belt 
during the continent-continent collision. Recently, Thakur 
(1995), viewed that, the Ganga basin is a shallow foreland 
basin created south of the rising Himalaya due to bending of 
Indian Plate produced through overriding of the Lesser 
Himalayan nappes. The thickness of the sedimentary prism in 
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FIG. 22 : HYDROGEOMORPHOLOGICAL MAP OF THE AREA. 
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the basin varies from few metres in the southern most part of 
the Ganga basin to more than thousand metres close to the 
Himalayan foot hills in the north. The development of the 
foreland basin commenced at about 25Ma. 
The Ganga basin extends from Delhi-Hardwar ridge in 
the west to Monghyr-Saharsa ridge in the east, which is 
further subdivided tectonically into Eastern Uttar Paradesh 
shelf and the Western Ottar Paradesh shelf. The western 
Uttar Paradesh shelf consist of Delhi-Hardwar ridge, Sarda 
depression and Kasganj-Tanakpur spur. However the study area 
is located 20 Km. west of Kasganj-tanakpur spur. The Sarda 
depression however, is tectonically distinguished on the 
basis of inferred sedimentary thickness of more than 1000 m. 
close the Himalayan foot hills. 
As a result of the large scale exploratory drilling 
by the O.N.G.C. for petroleum and C.G.W.D. for groundwater 
over the past thirty years have helped delineate the sub-
surface stratigraphy of the study area which are as fallows: 
Dundelkhand Granite forms the basement complex followed by , 
Upper Vindhyan (Bhander Group), which further overlain by the 
Neogene Middle and Dpper Siwaliks and finally by the 
Quaternary Alluvium. 
Dydrogeologically, there occurs three-tier aquifers 
system down to the depth 155.50 m.b.g.l. The shallow aquifer 
occur down to 50 o.b.g.l., while the deeper aquifer lies 
68 
below 50 ro.b.g.l. The groundwater in the area occurs under 
water table condition in the shallow aquifer and semi-
confined to confined condition in the deeper aquifers. 
The pre- monsoon depth to water level varies from 
4 m. to 15 m.b.g.l., while the post- monsoon range between 
3.3 m. to 14.70 m.b.g.l. The annual fluctuation varies from 
0.1 m. to 2.20 ta. The regional flow direction of 
groundwater in the study area is from northwest to southeast 
direction. However, there are some local variations too. The 
groundwater joins the river Kali due west and the river 
Ganga due east which shows these rivers to be effluent in 
nature. 
The seepage from the canal bed into the shallow 
aquifers, has resulted into the development of groundwater 
mounds, water logging and soil salinization along the 
canals. However, in the western part of the study area two 
troughs have developed due to the excessive withdrawal of 
groundwater. 
The quality of groundwater is important as well as 
its quantity. However, the water quality data analyses of 
the study area shows that it is suitable for drinking and 
irrigation purposes, except in the area of pandrawal, Pahasu 
and Odaipur which is not suitable for irrigation, because it 
has high percentage in salt content which may affect the 
productivity of the soil as well as the seeds germination. 
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The chemical quality of shallow aquifer is not good 
because of pollution. However, the quality of the deeper 
aquifer is very good which may be used for drinking purposes. 
The analytical results show that the surface water in 
the area is fit for domestic and irrigation purposes. 
The water balance study of the area reveals that the 
net recharge of the area is 327.69 M.C.M and the net draft 
is 187.62 M.C.M,, leaving a balance of 140.07 M.C.M. as 
utilizable resource potential. As per the NADARD'S norms the 
status of groundwater developments is only 57.25 %, and 
accordingly it falls under the "white" category. Thus, there 
is an ample future scope of groundwater development through 
construction of shallow and deep tubewells in the area. 
However, the integrated approach for surface water and 
groundwater modelling should be adopted with a clear 
understanding of the individual elements and their 
interrelations. 
The water logging in the area deserves special study 
to delineate the cause, effect and various remedial measures 
which well help reclaim the waste land developed due to the 
rampant seepage through canal beds in the shallow aquifers in 
the area causing water logging and salinization. 
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APPENDIX I 
LITBOLOGICAL LOGS 
OF DOREBOLES DRILLED DY STATE TDBEffELL 
DEPARTMENT IN BDLANDSHAHR 
DISTRICT, D.P. INDIA. 
Tubewell No. 6 
Block : Dibia. 
Village : Akleiapur. 
Succession Depth (in metres) 
Clay 5.48 
Sand 19.81 
Clay and Kankar 24.39 
Sand 35.67 
Clay 50.00 
Sand 56.70 
Clay and Kankar 63.13 
Sand 77.13 
Clay and Kankar 79.26 
Tubewell No. 13 
Dlock : Dibia. 
Village : Khirakwari. 
Succession 
Clay 
Sand 
Clay and Kankar 
Sand 
Clay 
Sand 
Clay 
98 
Depth <in netres) 
11.89 
21.03 
25.91 
41.15 
42.68 
71.03 
74.39 
Tubewell No. 33 
Dlock : Dibia. 
Village: Dibia. 
Succession 
clay 
Sand 
Clay and kankar 
Sand 
Clay 
Depth (in netres) 
11.58 
35.00 
46.39 
58.23 
62.80 
Tubewell No. 38 
Dlock : Dibia. 
Village : Akarbas. 
Succession 
Clay 
Sand 
Clay and Kankar 
Sand 
Clay and Kankar 
Sand 
Clay 
Tubewell No. 43 
Block : Dibia. 
Village : Shiekhupur. 
Succession 
Clay 
Sand 
Clay and kankar 
Sand 
Clay and kankar 
Sand 
Clay and kankar 
Sand 
Clay 
Sand 
Clay 
Sand 
99 
Depth (in metres) 
7.31 
35.67 
54.26 
57.31 
80.79 
83.84 
100.60 
Depth (in metres) 
3.65 
9 .65 
14 .02 
21 .34 
24 .34 
3 5 . 5 3 . 
3 9 . 6 3 
4 2 . 6 8 
5 7 . 2 1 
7 0 . 1 2 
7 5 . 6 0 
7 9 . 2 6 
Succession 
Clay and kankar 
Sand 
Depth (in metres) 
94,51 
103.65 
100 
Tubewell No. 41 
Dlock : Shikarpur. 
Village : Daultpur Khurd. 
Succession 
Clay and Kankar 
12.20 
Clay 
Sand 
Clay 
Sand 
Clay and Kankar 
Sand 
Clay and Kankar 
Sand 
Clay 
Sand 
Clay 
Sand 
Clay 
Sand 
Clay and Kankar 
Sand 
Clay 
Depth <in metres) 
12.20 
21.34 
25.00 
35.06 
48.78 
54.87 
64.02 
67.07 
74.70 
80.80 
81.70 
83.84 
92.08 
105.50 
121.95 
124.40 
144.82 
152.42 
155.50 
Tubewell No. 151 101 
Dlock : Shikarpur. 
Village : Chaundera. 
Succession Depth (in m.) 
Clay 10.67 
Sand 21.34 
Clay 25.00 
Sand 31.05 
Clay 45.73 
Sand 70.12 
Clay 73.17 
Tubewell No. 143 
Dlock : shikarpur. 
Village : Lalner. 
Succession Depth ( in n. ) 
Clay 3.04 
Sand 21.34 
Clay and kankar 24.39 
Sand 32.92 
Clay and kankar 42.68 
Sand 45.73 
Clay and kankar 51.82 
Sand 54.87 
Succession Depth (in netres) 102 
Clay and kankar 62.60 
sand 67.07 
Clay and kankar 74.39 
Sand 77.74 
Clay 91.46 
Tubewell No.154 
Dlock : S.D. 
Village : Dabaka. 
Succession Depth (in n. ) 
Clay 13.28 
Sand 36.58 
clay and kankar 57.92 
Sand 60.36 
Clay 64.02 
Sand 76.69 
Clay and kankar 79.26 
Tubewell No. 71 
Dlock : Jahangirabad. 
Village : Plana Khurd. 
Succession 
Clay 
Sand 
Clay 
Sand 
Clay 
Sand 
Clay and Kankar 
Sand 
103 
depth (in Metres) 
4 . 5 7 
9 , 4 5 
1 0 . 3 6 
1 9 . 8 7 
2 5 . 6 0 
3 5 . 5 8 
4 0 . 8 5 
6 4 . 6 3 
Tubewell No. 88 
Dlock : Jahangirabad. 
Village : Khaliqpur. 
Succession 
Clay 
Sand 
Clay 
Sand 
Clay 
Sand 
Depth ( in m. ) 
8.53 
21.34 
38.10 
42.80 
53.00 
95.42 
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